Amphibians are in decline worldwide. However, their patterns of diversity, especially in the tropics, are not well understood, mainly because of incomplete information on taxonomy and distribution. We assess morphological, bioacoustic, and genetic variation of Madagascar's amphibians, one of the first near-complete taxon samplings from a biodiversity hotspot. Based on DNA sequences of 2,850 specimens sampled from over 170 localities, our analyses reveal an extreme proportion of amphibian diversity, projecting an almost 2-fold increase in species numbers from the currently described 244 species to a minimum of 373 and up to 465. This diversity is widespread geographically and across most major phylogenetic lineages except in a few previously well-studied genera, and is not restricted to morphologically cryptic clades. We classify the genealogical lineages in confirmed and unconfirmed candidate species or deeply divergent conspecific lineages based on concordance of genetic divergences with other characters. This integrative approach may be widely applicable to improve estimates of organismal diversity. Our results suggest that in Madagascar the spatial pattern of amphibian richness and endemism must be revisited, and current habitat destruction may be affecting more species than previously thought, in amphibians as well as in other animal groups. This case study suggests that worldwide tropical amphibian diversity is probably underestimated at an unprecedented level and stresses the need for integrated taxonomic surveys as a basis for prioritizing conservation efforts within biodiversity hotspots.
T
he current biodiversity crisis demands the study of broadscale spatial variation in species richness and endemism to identify areas that merit special conservation attention. Global efforts to minimize biodiversity loss have led to prioritizing biodiversity hotspots (1) which are defined as areas with high concentrations of endemic species and that are undergoing exceptional habitat loss (2) (3) (4) . A second step is the efficient implementation of conservation measures at a local scale which requires an understanding of spatial patterns of richness and endemism within these hotspots (5) . Assessments of such regional priority areas are often hampered by incomplete distributional and taxonomic information. The operational units used to assess conservation priority areas are described species, whereas estimates of undiscovered and undescribed species are usually ignored. Recently, many potential new species have been identified by DNA barcoding, but a taxonomic validation of these species will outdate the short time span left for efficient biodiversity conservation prioritization, and so far it is not clear how this undescribed diversity can nonetheless be considered. This undescribed diversity also bears relevance for understanding the tree of life: The completeness of taxon sampling is one of the major prerequisites for reliable phylogenetic analysis, reconstruction of character evolution, and inference of macroevolutionary processes (6, 7).
Among terrestrial vertebrates, amphibians are characterized by a rapid rate of species discovery (8, 9) , with an overall increase in the number of amphibian species globally of 19.4% during the last decade, reaching 6,449 currently recognized species (10) . An important acceleration in the rate of new discoveries, mainly from tropical areas, is obvious from many recent studies (11) (12) (13) (14) (15) (16) . These discoveries are not the result of taxonomic inflation (9, 14, 17) , but correspond to real divergent species (18, 19) . Although high numbers of undescribed amphibians have been estimated to exist in poorly studied tropical regions (11, 15) , these results remain unverified for complete, highly diverse amphibian faunas. In parallel, an increase of threatened amphibian species has been reported worldwide (8, 20, 21) . Amphibians are of high conservation concern, with 43% of species being globally threatened (20) , most of them in tropical regions with high amphibian diversity.
Madagascar is one of the top priority global hotspots for biodiversity conservation (1) , affected by a high rate of habitat destruction (22) . Its fauna and flora evolved largely in isolation (23) , and many taxa are characterized by a high degree of microendemism within Madagascar (24) (25) (26) (27) . The native amphibian fauna is constituted by 5 endemic evolutionary lineages of frogs with 100% species-level endemism, 2 of which (the mantellids and the cophyline and scaphiophrynine microhylids) are very species-rich. Large-scale taxonomic inventories conducted since 1991 have led to an increase from 133 to 244 described species, largely due to the exploration of new areas and the application of more efficient techniques. About 46 species were identified during the 1990s mainly based on bioacoustics; the application of combined methods, including molecular genetics, was crucial in the discovery of 51 new species since 2000 as well as in the resurrection of species formerly considered to represent synonyms.
Undescribed diversity may have an important impact on understanding the spatial patterns of endemic radiations on the island, but objective estimates of species numbers are not available so far. We report a comprehensive assessment of morphological, bioacoustic, and genetic variation of the anuran fauna of Madagascar. Our goals are (i) to provide a reliable estimate of the proportion of yet-undescribed amphibian species from Madagascar and their phylogenetic and geographic distribution, (ii) to discuss the impact of our findings for global estimates of amphibian diversity, and (iii) to propose a novel terminology to be better able to assess the increasing number of identified but taxonomically undescribed candidate species of animals.
Results
From our integrative analyses of morphological, bioacoustic, and genetic data, we identified many more species of Malagasy frogs than there are names available. The number of described species of Malagasy frogs has slowly increased during the 20th century, reaching 100 described species around 1940, and 133 at the time of the last monographic account in 1991 (28) (Fig. 1) . The current number of 244 valid native species indicates an increase of 83.5% since 1991.
We classify frog lineages from Madagascar in 3 categories (Table 1) : (i) confirmed candidate species (CCS) are those differing clearly by morphological and bioacoustic characters and usually showing high genetic differentiation that we hypothesize are distinct, undescribed species; (ii) unconfirmed candidate species (UCS) are deep genealogical lineages (15)-bioacoustically and morphologically unstudied and usually derived from geographically distant populations-for which general indications exist that they are distinct, undescribed species; and (iii) deep conspecific lineages (DCL) are deeply divergent genealogical lineages, studied but not having clear morphological or bioacoustic differences with described species. Our data provided an additional 129 CCS, 92 UCS, and 37 DCL. If CCS plus UCS are assumed to represent distinct undescribed species, a 90.6% increase from the current 244 to 465 frog species is projected. This projection would constitute an overall increase of 250% since 1991.
Undescribed diversity is phylogenetically widespread in Malagasy frogs ( Fig. 1 A and SI Appendix) . We found candidate species in most clades except in a few monospecific or species-poor genera (e.g., Wakea, Dyscophus). Genera such as the colorful Mantella or Heterixalus are rather well studied and consequently contain only a few candidate species, whereas in the 3 most speciose and diverse clades (Mantidactylus, Boophis, and Cophylinae), the number of candidate species is close to or even exceeds the number of described species (Fig. 1E) . In general, in most genera the average differentiation in the 16S rRNA gene of CCS and UCS is Ͼ4%. Most described species of Malagasy frogs show genetic distances of 6-8% to their closest relatives depending on the period of discovery (9) , but these values refer to distances corrected by the Kimura-2-parameter-model (K2P) which are higher than the uncorrected distances we report. The molecular differentiation of CCS and UCS is thus at similar levels as between described species of Malagasy frogs, indicating that they are not the result of taxonomic inflation (e.g., elevating subspecies to specific status).
New discoveries are also geographically ubiquitous. They occur throughout Madagascar, both in poorly explored and in betterstudied areas. Described species are known from 451 sites and 87.3% are found in protected areas, whereas CCS and UCS are known from 168 sites and only 66.4% are found in protected areas ( Fig. 1 B and C) . Even in 2 of the best-studied sites for amphibians in Madagascar, Mantadia/Analamazaotra and Ranomafana National Parks, harboring a total of 94 and 112 species of frogs, we found 10 and 31 CCS and UCS (see SI Appendix). Most described species are known from one or a few localities and have not been found elsewhere. This pattern is consistent among the undescribed species; only 6 of the 219 CCS and UCS are widespread, whereas 63 are currently known from small ranges and 154 from single localities.
Discussion
The Concept of Candidate Species and Their Delimitation. By integrating molecular, morphological, and bioacoustic data, we have identified a large number of undescribed species of amphibians in Madagascar. The remarkable increase in estimated species numbers is independent of the species concept applied. Almost all described species are well defined as reciprocally monophyletic and strongly differentiated units by molecular datasets and by morphological and/or bioacoustic evidence. The only exceptions are Mantella milotympanum, Mantella nigricans, Dyscophus antongilii, Heterixalus andrakata, Heterixalus variabilis, and Heterixalus tricolor, which are not clearly diagnosable by molecular data and require further study (29) . The same combination of character sets defines all CCS (e.g., Fig. 2A) , and, based on our ongoing studies, we expect the same for most UCS. Many of these taxa occur in syntopy with their nearest relatives without any signal of admixture, corroborating their species status under biological, evolutionary, and phylogenetic species concepts. In contrast, many DCL correspond to genetically differentiated allopatric populations of widespread species for which the application of a biological species concept is inherently difficult. If criteria such as those for Malagasy primates (30) were applied to these DCL, many of them would be considered evolutionary species as well. Because the process of species formation in amphibians is an active and controversial area of research (31), we currently discourage such conclusions. Recent progress in molecular techniques leads to acquiring newly determined DNA sequences at a faster pace than taxonomists are able to follow up with results. In many cases, divergent DNA sequences are observed that probably correspond to distinct, undescribed species, but a taxonomic analysis of these data are impracticable in the short term, especially in morphologically cryptic and highly diverse groups (32, 33) . The term ''candidate species'' is rarely used by zoologists, but has recently been proposed for newly discovered units that probably correspond to undescribed species (31), and we advocate using it in a less formal way than the Candidatus status in microbiology (34 -36) .
Delimiting species is a resurgence issue in biology for which various explicit procedures have been proposed (37, 38) . Most of these procedures require a relatively good state of taxonomic knowledge. For tree-based methods, organisms usually need to be sampled from several populations and to have their phylogenetic relationships well resolved. Many nontree methods require extensive datasets as well. These datasets are usually not available for those genetically divergent individuals for which we propose the category of candidate species. Also, species are known to be often paraphyletic in their mitochondrial haplotypes (39) . Even more importantly, phylogenies based on single DNA fragments, such as used in DNA barcoding approaches, are often not sufficiently resolved. We therefore do not recommend explicit tree-based delimitations of candidate species, although such methods are certainly a great improvement for the eventual taxonomic description of species.
Distance-based DNA barcoding methods based on divergence thresholds are prone to 2 kinds of errors. Because there is no fixed time span needed for speciation, there should be a continuum of pairwise genetic divergences of sister species, down to 0% in cases of rapid adaptive speciation. Any threshold will therefore miss a proportion of very young species (false negatives). The second kind of error is to wrongly identify intraspecific genealogical lineages as species (false positives). The accuracy of the method depends on the so-called barcoding gap between intraspecific and interspecific divergences, but previous work on amphibians has shown a wide overlap of these values and absence of a distinct barcoding gap (40) . Because DNA barcoding can only be a preliminary tool for a first and rough identification of candidate species, we favor a conservative approach that minimizes the error probability of false positives. This approach will miss species of recent origin, but it will more efficiently help taxonomists to focus on those genealogical lineages likely to be undescribed species. The categories CCS, UCS, and DCL constitute an advance over uncritical approaches to DNA barcoding because they incorporate this useful molecular tool but emphasize the need of complementary data to understand biological reality.
Following our definitions, assignment of a genealogical lineage to the CCS category has the highest reliability of the 3 categories proposed here, and the number of 129 CCS thus provides a minimum estimate of undescribed species in Madagascar. Many DCL are largely based on the lack of evidence for CCS status. Some of these genealogical lineages may thus be upgraded to CCS when more extensive phylogeographic data and integration of nuclear genetic markers are available (e.g., Boophis luteus, Fig. 2B ), although in many cases the DCL status is well assessed by comprehensive datasets (e.g., in Guibemantis Confirmed Candidate Species (CCS) Specimens or populations characterized by a detectable genetic differentiation to all described species, not necessarily above any threshold, but in concordance with at least one of the following criteria:
Uncorrected pairwise genetic divergences in 16S rRNA gene to all other described species in most cases Ͼ3%, sometimes only 1-2%. Concordance of this molecular differentiation with one of the following: (i) a distinct differentiation in a character that mediates a premating reproductive barrier, (ii) a diagnostic morphological difference in a character that in the respective group of animals is known to be of low intraspecific variability and of high value to discriminate species, (iii) sympatric occurrence without admixture, and with at least one phenotypic character state difference, even if subtle, strictly correlated to the genealogy inferred from a neutral molecular marker.
(i) a qualitative difference in advertisement calls, (ii) diagnostic difference in at least one morphological character known to be generally species-specific in Malagasy frogs: e.g., presence and extent of dermal spines, ridges and tubercles, extension of terminal finger tips, morphology of femoral glands, relative tympanum size, iris color, or tadpole mouthparts.
Deep Conspecific Lineage (DCL)
Deep genealogical lineages above a threshold value typical for comparisons among closely related species in the group of animals under study. One or several of the following must apply: (i) morphological and chromatic data reveal no differences to topotypic populations of a described species, or only subtle differences in characters that are known to show intraspecific variability, or only quantitative differences (in characters such as body size), (ii) if characters relevant for premating isolation are known, then these show no or only quantitative differences to topotypic populations of described species, (iii) phylogeographic studies are available and show indications for genetic admixture with other genealogical lineages within a species.
Uncorrected pairwise genetic divergences in 16S rRNA gene Ͼ 3% to all other described species in combination with one or several of the following: (i) no morphological differences, or differences only in characters known to show intraspecific variability: e.g., size, relative hindlimb length, body color and pattern, liber, Fig. 2C ). Finally, the UCS status is, by definition, unreliable and is used to accommodate those genealogical lineages with insufficient data. These category definitions are not restricted to amphibians. In Madagascar and elsewhere, molecular data have been used to detect unexpected levels of cryptic diversity in other animal groups (32, 33, (41) (42) (43) , and in many cases the biological identity of the previously undescribed genealogical lineages remains largely unassessed. Our definition of CCS (Table 1) relies on genetic divergence combined with a distinct difference in either morphology or in a character that mediates premating isolation (advertisement calls in frogs). Characters and levels of morphological divergence will be different in each animal group, but in general we expect a wide applicability of this approach. More work must focus on understanding conditions under which the concordance of mitochondrial and nuclear gene genealogies can become a defining standard for CCS (15, 44, 45 ).
Molecular Data in Integrative Taxonomy. Integrative taxonomic analyses (46) are boosting the discovery and description of amphibians worldwide (17) . The global biodiversity crisis requires these kinds of taxonomic studies (21) because they are the prerequisite for understanding diversity patterns and thus for the identification of priority areas for conservation. Despite the fact that recent efforts in amphibian systematics significantly increased the number of species, inventories-especially from tropical areas-are far from complete. These inventories are also needed to complete our knowledge of the tree of life of amphibians.
Amphibians tend to have conservative morphological evolution (47-49), which makes their species-level identification difficult. We here demonstrate the efficiency of an approach that first identifies genealogical lineages with high genetic divergences (40) and in a second step classifies these as CCS, UCS, or DCL by integrating other datasets. This approach does not preclude detailed morphological and bioacoustic studies in cases where biological species show low genetic differentiation. In fact, our approach is close to current taxonomic practice in herpetology: We propose diagnostic character-state differences in morphology or bioacoustics as a central prerequisite for CCS status, agreeing with the fact that most descriptions of new amphibian species are today still based only on morphology, despite the availability of more sophisticated methods (37, 38) . To extend current standards in amphibian taxonomy, we strongly recommend the routine inclusion of DNA sequences in descriptions of new species. Such a practice would simplify the subsequent identification of divergent genealogical lineages and their integrative taxonomical study (40) , even if this sequence information would not be sufficient to assess phylogenetic relationships of the new species.
Amphibian Diversity Patterns in Madagascar and Conservation Prior-
ities. Although Madagascar's fauna has been studied extensively during the last century, the increase in species discoveries is making diversity estimates tentative in most cases. Our data suggest that current diversity figures largely underestimate the real diversity of frogs, and probably of other terrestrial vertebrates as well. This underestimation has direct consequences on our understanding of the pattern of biodiversity in Madagascar. Most of the Malagasy amphibian species are known from Ͻ10 localities, and many from single localities only (50) , making spatial diversity analyses difficult. In many cases, this analysis certainly does not represent species actual distribution ranges, but indicates a real lack of information on species spatial distribution patterns in Madagascar whereas a considerable number of species are probably indeed restricted to very small and isolated ranges.
Important increases in species numbers have also characterized other groups of Malagasy vertebrates during the last 2 decades (30, 51) . Numerous undescribed species of reptiles, mammals, and especially freshwater fishes are known to exist but are usually not included in conservation assessments. Probably by far the largest proportion of species of invertebrates remains undescribed as is usual for most tropical regions. For amphibians as well as many other groups of animals, the ongoing discovery of undescribed diversity is being triggered by several factors, including the increase of taxonomic work in Madagascar, incorporating new molecular tools with traditional methods, and an increase in field exploration efforts. Some larger patches of rainforest in Madagascar have not been properly explored yet and probably harbor numerous additional new candidate species. However, many of the amphibians we have identified here are found in some of the best-studied areas of Malagasy rainforests, such as Ranomafana and Analamazaotra/Mantadia National Parks ( Fig. 1 B and C; SI Appendix) . Taxonomic exploration should thus not be limited to unexplored areas but should include putatively well-known plots as well. The combination of phylogenetic datasets with spatial modeling of species or clades will help to define their potential distribution in space and thereby help to identify target areas for further exploration.
Our findings confirm that spatial patterns of endemism, rarity, and species richness within the Madagascar biodiversity hotspot are poorly known. The protected area network of Madagascar has increased significantly in recent years, and proposals for new protected areas based on multitaxon analyses (52) will cover most of the key biodiversity areas in Madagascar. Almost a quarter (23.3%) of the newly discovered frog candidate species are not found within the currently existing protected areas; many of these are range-restricted and are more likely to disappear given the pace of habitat destruction observed in Madagascar (22) . This pattern implies that even a large network of protected areas may not fully protect the current diversity. A conservation strategy should consider protecting additional small rainforest fragments, because they can contain a relatively large proportion of amphibian species (53, 54) . The apparent absence from Madagascar of emerging diseases such as the amphibian chytrid fungus, in concert with a strong commitment of national institutions to conserve its biodiversity, characterize Madagascar as a unique opportunity to proactively protect an amphibian fauna so far untouched from catastrophic declines other than those caused by ongoing habitat destruction (55) .
Implications for Global Biodiversity Estimates. This study analyzes the complete amphibian diversity of a tropical biodiversity hotspot by using comprehensive genetic, morphological, and bioacoustic datasets. Previous studies of other hotspots reported high numbers of undescribed amphibian species as well (11, 15) , but were more limited in taxonomic and geographic coverage. The estimated 250% increase since 1991 up to possibly 465 species is unparalleled and would make Madagascar one of the top 5 most diverse countries on the planet for amphibians, together with Brazil, Colombia, Ecuador, and Peru. The global importance of Madagascar's amphibian fauna is paramount, especially because of its extreme degree of endemism (100% among the native species). However, it should be taken into account that very few other tropical countries with diverse amphibian faunas have been surveyed as intensively as Madagascar with comparable approaches. The unexpectedly great increase in species numbers that we estimate may therefore not characterize Madagascar as being much more species-rich than other tropical regions. Rather, it exemplifies the power of integrative taxonomic assessments and predicts that applying these to other regions or other groups of organisms may lead to comparably high proportions of novel discoveries.
As a primary conclusion from our study, the number of tropical amphibian species is probably underestimated at an unprecedented level at a global scale. Extrapolating our data to other less-studied tropical regions predicts that the number of amphibian species worldwide could double or possibly even quadruple before saturation in new discoveries can be expected. Amphibians are the vertebrate group with the highest proportion of threatened species (20) , and current declines may be affecting more diversity than previously thought. Paradoxically, we are living in an era of simultaneous mass extinction and mass discovery of amphibians (21) . Integrative taxonomic inventories, including molecular assessments of diversity as a standard technique, are urgently needed, especially for poorly explored, highly diverse regions.
Materials and Methods

DNA Sequencing and Analysis.
A fragment of the mitochondrial 16S rRNA gene was amplified and sequenced for ca. 2,850 specimens. Based on NeighborJoining trees, we identified sequences showing high divergences from reference specimens of described species. Selected sequences were used to compute a tree by using Bayesian inference after determining the appropriate substitution model (see SI Appendix). We used the software TaxI (56) to calculate pairwise distances between sequences, which avoids possible alignment artifacts in the distribution of indels from the global alignment that may affect this computation. Extended methods are available in SI Appendix.
Assessment of Bioacoustic Differentiation. The calls of many candidate species are documented in a recently compiled sound guide (57) . Advertisement calls of anurans are excellent taxonomic indicators, but intraspecific call differences are known (58) : Temporal variables and (to a far lesser extent) also frequency (spectral characters) depend on environmental temperature and state of sexual motivation, whereas frequency is mainly influenced by body size. However, these differences are in all cases quantitative and continuous, i.e., note or note interval duration, or fundamental and dominant frequency, become continuously larger or smaller with increasing or decreasing temperature or body size. Similar continuous differences are also known among populations of a species, often because of character displacement or adaptation to environmental factors (59) . Most well-documented cases of geographic call variation in anurans refer to such variation in continuous characters (60 -62) . In contrast, qualitative differences such as the presence/absence of different call types or a melodious vs. unmelodious call structure are rare within species and the few documented cases show the signature of incipient speciation (63) . We considered call variation in (i) dominant or fundamental frequency, (ii) note duration, (iii) note interval duration, and (iv) pulse rate as quantitative call differences, insufficient to define a CCS except in situations of sympatry. Differences in (i) number of note types, (ii) general arrangement of note types, and (iii) melodious vs. noisy or pulsed structure of notes were considered to be qualitative call differences, defining a CCS status.
Geographic Analysis. A georeferenced database was compiled containing amphibian records from literature and our own field inventories. Records were taken into account only if identification was considered reliable, i.e., type localities, records of morphologically distinct species, or records with bioacoustic or molecular data (50) . The current protected area network was provided by Conservation International. Distribution maps of all described species and CCS (29) largely form the basis for the geographic analysis. Table  S1 in the SI Appendix lists the working names applied herein and in the recently published field guide (29) for the candidate species. The 9 described species for which no genetic data are available (see SI Appendix) are morphologically distinct and have narrow distribution ranges (29) , and their confusion with any CCS or UCS is unlikely.
Supplementary Information S1.
Extended methods on DNA sequencing and analysis.
A fragment of the mitochondrial 16S rRNA gene was amplified and sequenced using primers 16SraL and 16SrbH using standard procedures (1). Altogether, ca. 1700 adult specimens and 1150 tadpoles of Malagasy frogs were sequenced in 2000-2007. We used the FFT-NS-2 algorithm in the software MAFFT v. 6.624 (2) for a multiple alignment of these sequences, and manually verified the resulting alignment. Based on Neighbor-joining trees obtained with PAUP* (3) we identified sequences showing high divergences from reference specimens of described species. Selected sequences were used to compute a tree using Bayesian inference (4) after determining the appropriate substitution model (5) . This tree (see below), largely agrees with published phylogenetic knowledge, although a few well-established clades are not recovered due to the limited phylogenetic information in the short gene fragment. Phylogeographic analyses of three complexes of deep genealogical lineages (Boophis majori / B. sp. 35, B. luteus, Guibemantis liber; Fig. 2 ) were computed using the same general methods.
While we use the tree based on the MAFFT alignment to show the distribution of undescribed diversity across major clades, possible alignment artefacts in the distribution of indels in this non-coding DNA fragment can affect the computation of pairwise distances between sequences. To avoid this problem we used the software TaxI (6) to compute uncorrected pairwise distances between all species pairs of Malagasy frogs. This software first aligns each possible pair of sequences and then calculates the number of differences between them, not counting positions with indels. From the distance matrices obtained, we extracted the shortest distance of each included taxon to the most similar sequence overall, and to the most similar sequence of an already described species.
Further definitions of categories of Candidate species.
In Microbiology, a Candidatus status is regularly ascribed to distinct prokaryotic entities for which more than just a sequence is available but characteristics required for description according to the Bacteriological Code (1990 Revision) are lacking. Although we see the need for standardized terms to refer to such distinct but yet undescribed animal species, we do not propose to recognize candidate species as done by the microbiological community, where an official Candidatus list exists. One reason is that the requirements to define and describe a new species are less strict in zoology than in microbiology where minimum standards are defined by official committees.
In our study, when genealogical lineages were not sister to those species that are most similar morphologically or bioacoustically, we used this as additional confirmation for CCS status, which however we primarily determined through a combination of distance-and character-based methods. In this concordance approach, divergent individuals are first identified by distance-based DNA barcoding. If the divergence to described species is above a certain threshold, which will differ among groups of organisms, there is a high probability that the individual belongs to an undescribed species which warrants its inclusion in the UCS category. However, it cannot be emphasized enough that the DNA barcoding approach alone is insufficient to reach CCS status. The second mandatory step is the search for diagnostic characters in morphology and, especially, in advertisement calls. If the genetically divergent frog individual differs convincingly in such characters, or if slight but consistent differences are detected in sympatry, it is categorized as CCS. If the differences are only slight and it occurs in allopatry, it is to be considered as DCL.
Criteria of reciprocal monophyly of haplotype lineages are extremely useful in species delimitation. To assess monophyly or non-monophyly with statistical support, however, often requires longer DNA sequences than usually become available from DNA barcoding studies, and therefore was used only peripherally in our approach to define candidate species.
